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ABSTRACT 
Direct detection of phonons is important for the investigation of information 
interconversion between the resonantly coupled magnons and phonons. Here we 
report resonant coupling of magnons and phonons, which can be directly 
visualized by using micro focused Brillouin light scattering in Ni/LiNbO3 hybrid 
heterostructures. The patterns of surface acoustic wave phonons, originating 
from the interference between the original wave 𝜓0(𝐴0, 𝒌) and reflected wave 
𝜓1(𝐴1, −𝒌) , can be modulated by magnetic field due to the magnon-phonon 
coupling. By analyzing the information of phonons obtained from Brillouin 
spectroscopy, the properties of the magnon system (Ni film), e.g., ferromagnetic 
resonance field and resonance linewidth can be determined. The results provide 
spatially resolved information about phonon manipulation and detection in a 
coupled magnon-phonon system. 
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 INTRODUCTION 
Spin waves and their quasiparticles, i.e., magnons, are promising for high 
frequency information procession and transmission [1-6] and logic devices 
[1,7,8]. Unfortunately, the efficient generation of spin wave can be difficult and 
spin waves also propagate typically only over limited distances of <1 μm for 
most materials due to magnetic losses [9,10]. Travelling surface acoustic wave 
(SAW) phonons have the advantage of short wavelength (typically ~ 1 μm at 
3 GHz) and long propagating distances of several mm, e.g., in LiNbO3 crystals 
[11]. Coupling magnons to SAW phonons can avoid the rapid decay of spin wave, 
provides new opportunity for information interconversion of phononic and spin 
degrees of freedom [12-16], and may benefit spintronic device miniaturization 
and may broaden the scope of their applications [17-23]. However, current 
measurement method for magnon-phonon coupling based on magneto-
transmission measurements cannot provide direct imaging of the magnetic 
modulation of the phonon systems [20-22,24,25]. Optical detection of 
hypersonic surface acoustic waves has been realized in bulk transparent 
materials [26] and transparent crystal substrate with reflection mirror [11,27,28] 
using Brillouin light scattering. This provides an opportunity to apply the 
Brillouin spectroscopy in a broader context for obtaining direct information of 
SAW, as well as the coupling of magnons and phonons.  
In the present work, we focus on directly visualizing the resonant coupling 
of magnon and phonon using an optical approach. The interference patterns of 
multiple propagating SAW carrying spin information were detected using micro 
focused Brillouin light scattering (μ-BLS) on Ni/LiNbO3 hybrid heterostructures. 
The BLS intensity has been found to be minimum at the ferromagnetic resonance 
(FMR) field of Ni, where SAW phonons are strongly attenuated by magnon. The 
interference patterns of the SAW almost disappeared near the FMR field of Ni, 
which provides a directly visualization of the magnetic field modulation of SAW 
phonons by resonant coupling of magnon-phonon. By fitting a detailed 
theoretical model [29-31] to the magnetic field dependence of the spatial-
averaged and frequency-averaged BLS signal intensity, the estimated value of 
FMR field and resonance linewidth is consistent with that obtained based on 
SAW magneto-transmission measurements. The results provide new 
opportunities for phonon manipulation and detection in the presence of 
magnetization dynamics. 
RESULTS AND DISCUSSION 
Figure 1(a) shows an optical image of the Ni/LiNbO3 hybrid device with a 
50-nm thick rectangular Ni film. In these devices, the finger width and the 
spacing of the interdigital transducer (IDT) fabricated with 50-nm thick Al are 
both 3 μm (fundamental SAW wavelength λ0 = 12 μm) on a 127.86o Y-X cut 
LiNbO3 substrate with the thickness of 500 μm. By connecting to a microwave 
source using IDTs we excite SAW at 3.56 GHz, which corresponds to the 11th 
harmonic. Resonant coupling with the magnon system (Ni films) is established 
during the SAW propagation between the two IDTs. In order to achieve resonant 
coupling of magnons and phonons, a DC magnetic field H is applied in a 
direction with an angle θ = 30º with respect to the SAW wavevector kSAW. First, 
the laser spot was located on one of the IDT fingers, and the corresponding BLS 
signal is shown in Fig. 1(b). The BLS signal is independent of H near 3.56 GHz, 
which indicates that SAW phonons are excited and detected, where the Al film 
acts as a mirror [11,27,28] for SAW phonons detection using μ-BLS. To depict 
the spatial distribution of the excited SAW phonons, a region on IDT fingers was 
selected to make spatially resolved measurements. Figure 1(c) shows an optical 
image of IDT fingers and the green rectangular region represents the area for the 
spatially resolved measurements. Figure 1(d) shows the image of surface 
acoustic wave phonons. The wavelength of 11th harmonic can be estimated as λn 
= λ0/n = 1.09 μm directly from the period of the spatially modulated BLS signal. 
The results indicate that spatial distribution of SAW phonons can be visualized 
using μ-BLS based imaging [11,26-28].  
 Figure 1: (a) Optical image of the Ni/LiNbO3 hybrid device with a 50-nm thick Ni rectangular 
film. The green cone represents the BLS laser beam, and the red dot represents the position of 
laser spot. (b) Magnetic field dependence of the BLS signal when the laser spot is located on 
the IDT finger. (c) Optical image of IDT fingers; the green rectangular region represents the 
area for the of spatially resolved measurements. (d) Spatial resolved image of surface acoustic 
wave phonons. 
Although the LiNbO3 crystal is a perfect waveguide for SAW phonons 
propagation, it is difficult to directly detect the scattering of photons on the 
transparent substrate [26]. Figure 2(a) and (b) show the BLS intensity when the 
laser spot was located on the LiNbO3 substrate and the Ni film, respectively. In 
order to exclude local variations, Figs. 2(a) and (b) are the averaged results for 
several measurement points (see the supplementary information) on the LiNbO3 
substrate and the Ni film, respectively. The BLS intensity on the LiNbO3 is ten 
times weaker than it is on the Ni film at H = 600 Oe. According to a Gaussian fit 
to the frequency distribution of the SAW phonons as shown in Figs. 1(c) and (d), 
the line width of the SAW phonons (FWHM = 0.28 GHz) at 3.56 GHz is 
consistent with that obtained on the Ni film (FWHM = 0.23 GHz). This indicates 
that the Ni film can be used as a mirror to detected SAW phonons on the 
transparent substrate [11,27,28]. Notably, the H dependence of the BLS signal 
exhibits a gap near the FMR field of Ni [Fig 1 (b)]. The gap suggests that 
resonant coupling of magnons and phonons has been achieved, and that the SAW 
phonons are strongly attenuated by magnons around the FMR field. To quantify 
the phonon absorption efficiency due to FMR, the H dependence of the 
frequency-averaged (3.15 GHz - 3.96 GHz) BLS intensity is plotted in Fig. 2(f). 
The obvious attenuation can be seen near H = 200 Oe. The SAW phonons 
absorption efficiency due to resonant coupling can be estimated as 26.5 %. As a 
reference, the frequency-averaged BLS signal on LiNbO3 is shown in Fig. 2(e), 
which shows no dependence on H.  
 
 
Figure 2: Magnetic field dependence of the BLS intensity when the laser spot is located (a) on 
the LiNbO3 substrate and (b) on the Ni film, respectively; (c) and (d) Frequency distribution 
for (a) and (b), respectively; (e) and (f) Magnetic field dependence of the averaged BLS 
intensity for (a) and (b), respectively. 
The magnetic field H evolution for the interference patterns of SAW 
phonons are shown in Figs. 3(a-i). The period of the stripe pattern is ~ 1 μm, 
which is accordance with of the wavelength of 11th harmonic. The interference 
patterns of SAW almost disappeared near FMR field [Fig. 3(e) and (f)] of the Ni 
film. This is the direct evidence of phonon absorption by resonant magnons. In 
addition, the interference patterns become distorted below the saturation 
magnetic field [Fig. 3(h) and (i)], which can be attributed to the absorption of 
SAW phonons by hysteretic magnetization switching [20,32]. The results 
demonstrate how spatially resolved BLS imaging can visualize the resonant 
coupling of the SAW phonons and magnons.  
 
 
Figure 3: Magnetic field evolution of the BLS spatially resolved images when the laser spot is 
located on the Ni film: (a) 600 Oe; (b) 510 Oe; (c) 370 Oe; (d) 310 Oe; (e) 200 Oe; (f) 160 Oe; 
(g) 90 Oe; (h) 45 Oe; (i) 0 Oe. 
In order to analyze the interference patterns of the SAW, the spatially 
resolved BLS intensity along the x’ direction (y’ = 1.5 μm) at different H are 
plotted and fitted using a sinusoidal function: 
𝐼 = 𝐼0 + 𝐴 sin
2𝜋
𝜆′(𝑥′−𝑥𝑐
′)
 (1). 
As shown in Fig. 4(a), the spatially resolved BLS intensity [Fig 3(e)] along the 
x’ direction (y’ = 1.5 μm) at H = 200 Oe is plotted together with a fit to Eq. (1). 
This suggests that the interference patterns cannot result from a standing wave, 
whose interference patterns should be described via: 𝐼 =
|𝐴 sin [2𝜋 𝜆′(𝑥′ − 𝑥𝑐
′ )]⁄ |. According to the angle between the stripe pattern and 
the SAW propagating direction [x direction in Fig. 1 (a)], the SAW wavelength 
λSAW and fitted 𝜆
′ can be depicted as: λSAW = 𝜆
′ cos60°. Actually, λSAW =
λ0 n⁄ = 1.09 μm = (𝜆
′cos60° ∓ 0.03) μm  is obtained from the fit results. 
Therefore, the patterns can come from the interference between the original wave 
𝜓0(𝐴0, 𝒌) and the reflected wave 𝜓1(𝐴1, −𝒌) , where 𝐴0 and 𝐴1 are their 
amplitudes, and 𝒌 is the wave vector. The minimum and maximum of BLS 
intensity of the interference patterns are proportional to (𝐴0 - 𝐴1) and (𝐴0 + 
𝐴1), respectively. According to the fitting results, the values of 𝐴0 and 𝐴1 at 
different H can be obtained. The ratio of 𝐴0 𝐴1⁄  is constant for different H, as 
is shown in Fig. 4(b). 
 
 
Figure 4: (a) BLS intensity evolution along the x’ direction, and the solid line is a fit to Eq. (1). 
(b) H dependence of A0/A1, and the solid line is linear fit. (c) Averaged spatial resolution image. 
(d) Field dependence of the normalized BLS intensity for the two measurements. The symbols 
are experimental data, and the solid line is a fit to theory using Eq. (2). 
 
Since the H evolution for the interference patterns of the SAW were 
measured at the same region, the stripe patterns have the same phase. When all 
the stripe patterns at different magnetic field are averaged, clear periodic patterns 
are obtained as shown in Fig. 4(c). This suggests that the patterns signal mainly 
come from SAW phonons. In order to fit the SAW phonon attenuation to H in 
order to estimate values of the FMR field Hr and the resonance linewidth ∆𝐻 of 
Ni, the spatially-averaged BLS signal intensity of each pixel in the spatial 
patterns at different H [Fig. 3(a-i)] is calculated as data D1 [Stars in Fig 4(d)]. 
The magnetic field dependence of the frequency-averaged BLS intensity in 
Fig. 2(f) is normalized as data D2 [Circles in Fig. 4(d)]. The change of the SAW 
transmitted intensity (I) related to the phonon attenuation and generation during 
FMR can be rewritten as [29-31]: 
I = I0(1 + 𝑝2)
−
1
2[1 + (𝑝 + 𝛽)2]−
1
2 exp [
−
𝜂
2
1+(𝑝+𝛽)2
], (2) 
where, 𝑝 = (𝐻 − 𝐻𝑟) ∆𝐻⁄ , 𝜂 = 𝐶1𝑓 ∆𝐻⁄ , and 𝛽 = 𝐶2𝑓
2 ∆𝐻⁄ . And I0, C1, and 
C2 are constant, Hr is the FMR field, resonance linewidth ∆𝐻, 𝑓 = 3.56 GHz is 
the frequency of the SAW, and H is external magnetic field, respectively. The 
data D1 and D2 can be fitted well using Eq. (2), As shown in Fig. 4(d). The 
obtained Hr and ∆𝐻 is (236 ∓ 30) Oe and (290 ∓ 36) Oe, respectively, which 
is consistent with the values (Hr= 270 Oe and ∆𝐻 = 290 Oe) obtained from 
waveguide FMR experiments.  
As shown here, the interference patterns of traveling multiple SAW coupled 
to magnon modes are well characterized using μ-BLS in the Ni/LiNbO3 hybrid 
heterostructures. The Ni/LiNbO3 hybrid heterostructures with resonant magnon-
phonon coupling, can realize spatially complex transfers of energy between 
propagating spin and acoustic modes, thus creating a propagating magnetoelastic 
wave [15,23]. How to distinguish the spin signal and SAW signal from the BLS 
signal is an important issue for the future. Overall, our results open new 
directions for the application of SAW phonons in the fields of straintronics 
[16,18,20-22,24,25], sensing [33] and quantum information [34].  
 
 
CONCLUSION 
In conclusion, the interference patterns of traveling multiple surface acoustic 
waves coupled to magnon modes were detected using micro focused Brillouin 
light scattering in the Ni/LiNbO3 hybrid heterostructures. The interference 
patterns of the surface acoustic wave almost disappear near the ferromagnetic 
resonance field of Ni, which provides a direct image of the magnetic field 
modulation of surface acoustic wave phonons by resonant magnon-phonon 
coupling. By fitting the theory to the magnetic field dependence of the averaged 
Brillouin light scattering intensity, the ferromagnetic resonance field and 
resonance linewidth were estimated to be consistent with those obtained based 
on surface acoustic wave magneto-transmission measurements. The patterns can 
be contributed to the interference between the original wave 𝜓0(𝐴0, 𝒌) and 
reflection wave 𝜓1(𝐴1, −𝒌). These results provide a direct spatially resolved 
characterization of phonon manipulation and detection in the presence of 
magnetization dynamics. 
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